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RESEARCH ARTICLE Open Access
A comparison of clinical- and patient-
reported outcomes of the cemented
ATTUNE and PFC sigma fixed bearing
cruciate sacrificing knee systems in patients
who underwent total knee replacement
with both prostheses in opposite knees
Brian W. Carey1* and James Harty2
Abstract
Background: The ATTUNE Knee by DePuy Synthes was introduced in 2013. It is designed to provide better range
of motion and address patient-reported instability. The PFC Sigma Knee, an earlier prosthesis by DePuy Synthes, is
a common knee replacement with a strong clinical track record. Our aim is to compare the outcomes after primary
total knee replacement for end-stage knee osteoarthritis of the PFC and ATTUNE knee systems in 21 patients who
each have prosthesis in opposite knees using WOMAC, Oxford Knee and SF-12 scores and evaluation of range of
motion.
Methods: A review was carried out on 21 patients who underwent primary total knee replacement with both the
ATTUNE and PFC knee systems. These were staged operations performed in the same institution and by the same
surgeon. All cases were followed up for a minimum of 6 months. WOMAC, Oxford Knee and SF-12 scores, as well
as knee range of motion were recorded preoperatively and at 6 months postoperatively.
Results: There was a significant difference in pre- to 6-month post-operative outcomes in PFC and ATTUNE groups
with regard to improvement in range of motion (10° ± 8 and 13° ± 11, respectively). There was also a significant
improvement in WOMAC scores (PFC group) and Oxford Knee Scores (ATTUNE group) (8.9 ± 7.7 and 12.1 ± 8.4,
respectively). There was a significant improvement in SF-12 Score in both groups (10.1 ± 9.3 for PFC and 15.8 ± 13.3
for ATTUNE). The minimum clinically important difference (MCID) in scoring systems at 6 months was reached by 6
patients in the PFC group and 12 in the ATTUNE group.
Conclusion: A significant difference was demonstrated in clinical outcome at 6 months postoperatively between
PFC and ATTUNE knee systems in patients who underwent total knee arthroplasty with both prostheses. Superior
results were recorded for the ATTUNE knee system.
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Background
Current demand for total knee replacement is rising
every year. The amount of knee replacements annually
has surpassed that of total hip replacements [1]. This is
a trend that is likely to carry on into the future. TKA is
generally a very successful operation with impressive
clinical outcomes and survivorship results.
There is a constant race between different healthcare
companies to advance the technology employed in pros-
theses to further improve patient outcomes. Newer im-
plants are regularly introduced, or design features of
current implants are adjusted in an effort to achieve this.
The Press fit condylar (PFC) total knee prosthesis
(DePuy Synthes) was introduced over 30 years ago. It
has received several design updates over the years, but
the fixed bearing cemented models represent the gold
standard of the class, with impressive patient outcomes
and excellent 10-year survivorship. [2] The PFC Sigma is
the latest model which boasts “J curve” femoral
design—three different tangential radius curves in sagit-
tal profile, single radius curve in coronal profiles and re-
fined femoral box edge and trochlear groove edges.
In 2013, DePuy Synthes launched the ATTUNE
Total Knee Replacement System. This new design
offered multi-radius transition at distal component to
posterior condyle region, a reduced femoral compo-
nent profile and greater mid flexion stability (http://
synthes.vo.llnwd.net/o16/LLNWMB8/US%20Mobile/
Synthes%20North%20America/Product%20Support%20-
Materials/Product%20Information%20Sheets/DSUS-
JRC-0514-0188%20Val%20Brief.pdf ). It is proposed to
offer greater functional benefits and a greater range
of movement.
With the many design choices that exist, even from
the same manufacturer, orthopaedic surgeons face a se-
lection dilemma when little is known on the safety and
functionality of newer designs. [3]
Methods
Ethical approval was granted from the hospital ethics com-
mittee as well the Clinical Research Ethics Committee
(CREC), Cork. We undertook a retrospective case series of
21 patients who underwent total knee arthroplasty with
both the cemented ATTUNE and PFC Sigma fixed bearing,
cruciate sacrificing knee systems. A review of patient med-
ical notes was carried out on 21 patients who underwent
primary total knee replacement with both the ATTUNE
and PFC knee systems, one in each knee. These were staged
operations performed in the same institution and by the
same surgeon. All operations were conducted with the pa-
tient under spinal anaesthetic using the same technique of
medial parapatellar approach and capsulotomy. The opera-
tions were carried out between 2012 and 2016. All cases
were followed up for a minimum of 6 months.
Patient-reported outcome measures as well as knee
range of motion were recorded preoperatively and at
6 months postoperatively. Due to a change in clinical
follow-up protocol at SIVUH in 2015, different scoring
systems were used in clinical assessment. The WOMAC
score was used to assess PFC knees whereas the Oxford
Knee Score (OKS) was used for ATTUNE knees. The
number of patient who reached the minimal clinically
important difference (MCID) in the respective scoring
systems was also calculated (smallest change in a treat-
ment outcome that a patient would identify as import-
ant). The MCID scores for WOMAC and OKS are 11.5
and 6 points, respectively [4, 5].
Maximum passive knee range of motion (ROM) was
measured at pre- and post-operative outpatients’ clinic
visits using a goniometer.
Statistical analysis was performed using SPSS 23.0
(IBM) at a level of significance of 0.05. Continuous vari-
ables were assessed by independent t tests. Descriptive
statistics are displayed as means with standard deviation
or range for continuous variables.
Results
Data collection was completed in November 2016. A
total of 21 patients (9 male and 12 female) were in-
cluded. The average patient age at the first and second
TKR surgeries were 64.3 and 67.6 years, respectively.
All patients completed pre- and 6-month postopera-
tive patient-reported outcome measure questionnaires.
(Results: Tables 1, 2, and 3). The mean pre-operative
WOMAC score for patients undergoing PFC TKR was
61.2 (range 57.3–76.2). The mean post-operative
WOMAC score for these patients was 52.3 (36.1–53.2).
The difference between pre- and post-operative scores
was found to be statistically significant, p = 0.045.
The MCID for the WOMAC score between pre- and
post-operative scores was reached by six patients.
The mean pre-operative OKS score for patients under-
going ATTUNE TKR was 29.3 (range 26–33). The mean
post-operative OKS score for these patients was 41.4
(34–45). The difference between pre- and post-operative
scores was found to be statistically significant, p = 0.039.
The MCID for the OKS score between pre- and post-
operative scores was reached by 12 patients.
Table 1 Pre- and post-operative outcome measures for the PFC
group
Outcome
measure
Pre-operative Post-operative Difference
in means
p
valueMean Range Mean Range
WOMAC 61.2 57.3–76.2 52.3 36.1–53.2 15.4 0.045
SF-12 PCS 29.1 22.3–30.5 39.2 35.6–40.1 10.1 0.032
Paired t test
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Preoperatively, both the ATTUNE and PFC Sigma
knees had similar maximum passive flexion values (94°,
range 80°–108°, and 95°, range 89°–105°, respectively).
At 6-month follow-up, the maximum passive flexion
values for the ATTUNE and PFC knees were 107° (range
90°–118°) and 103° (95°–114°), respectively. The + 8°
improvement for the PFC knee and the + 13° improve-
ment for the ATTUNE knee were both found to be sta-
tistically significant (p value 0.039 and 0.036,
respectively).
The SF-12 scores showed a significant improvement in
both groups (10.1 ± 9.3 for PFC and 15.8 ± 13.3 for
ATTUNE).
Discussion
Healthcare providers worldwide are placing an increased
focus on improving patient satisfaction following total
knee arthroplasty. It is paramount that innovations and
design modifications in newer implants provide the
opportunity to improve outcomes.
The goal of this study was to examine these areas by
comparing the ATTUNE with the PFC SIGMA knee
system. To our knowledge, this is the first study to
compare both the ATTUNE and PFC prostheses in the
same patient. Previous studies have shown isolated
improvements in range of motion but failed to show a
significant difference in patient-reported outcome
measures. [3, 6]
A positive outcome following total knee arthroplasty is
multifactorial. Limited postoperative function [7] and
most commonly residual pain [8] are key determining
factors.
Patellofemoral maltracking, tilt, and overstuffing have
been shown to be important factors leading to pain post
TKR [9]. This highlights the significance of implant de-
sign in determining patella kinematics. Factors such as
trochlear groove geometry and patellar component
shape have been shown to play a major role in outcome.
[10–12]
Key elements of the design of the ATTUNE knee sys-
tem are to enhance motion, function and stability. The
prosthesis was designed to provide a higher degree of
anatomical conformity regarding the trochlear groove
and patella. In comparison to the PFC, a recent study
has demonstrated a 3° flatter trochlear groove in the
ATTUNE [12]. The anatomic, medialised patella of the
ATTUNE contrasts with the dome-shaped patella of the
PFC. A higher degree of anatomic concordance may
improve patient satisfaction.
Limitations of this current study include short-term
follow up and a relatively small sample size. Long-term
outcome studies will be needed to focus on results at 1-
and 2-year follow up. The study only includes a single
surgeon. While this may ensure consistency in surgical
technique, etc., data from a larger number of surgeons
would be preferable. As the operations in this study were
staged, comparison is not done during the same period
of time. The PFC Sigma has been in use for a longer
period of time compared to the ATTUNE; as a result,
there is a disparity in terms of long-term follow up stud-
ies between the two devices currently.
Conclusion
The patient group in this study showed superior out-
come from their ATTUNE TKR compared to their PFC
TKR. Both patient-reported outcome measures and
improvements in range of motion highlighted this with
statistically significant results.
We acknowledge that there may be a degree of
confirmation bias for PROMs in patients having their
second total knee replacement, but the improvement in
knee flexion showed objective, superior results for the
ATTUNE.
While these initial results are promising, long-term
outcome studies will be needed to focus on results at 1
and 2-year follow-up.
Abbreviations
MCID: Minimum clinically important difference; PFC: Press fit condylar;
PROM: Patient-reported outcome measure; ROM: Range of movement;
TKA: Total knee arthroplasty; TKR: Total knee replacement; WOMAC: Western
Ontario and McMaster Universities Osteoarthritis Index; OKS: Oxford Knee
Score; SIVUH: South Infirmary Victoria University Hospital
Acknowledgements
Not applicable
Funding
This study did not receive any external funding.
Both authors have not received grant support or research funding and do
not have any proprietary interests in the materials described in the article.
Table 2 Pre- and post-operative outcome measures for the
ATTUNE group
Outcome
measure
Pre-operative Post-operative Difference
in means
p
valueMean Range Mean Range
OKS 29.3 26–33 41.4 34–45 15.4 0.039
SF-12 PCS 28.3 26.2–29.4 44.1 38.2–45.3 15.8 0.036
Paired t test
Table 3 Pre- and post-operative maximum passive flexion
values for both groups
Outcome
measure
Pre-operative Post-operative Difference
in means
p
valueMean Range Mean Range
PFC ROM 95° 89°°–105° 103° 95°–114° + 8° 0.039
ATTUNE ROM 94° 80°°–108° 107° 90°°–118° + 13° 0.036
Paired t test
Carey and Harty Journal of Orthopaedic Surgery and Research  (2018) 13:54 Page 3 of 4
Availability of data and materials
All data generated or analysed during this study are included in this
published article.
Authors’ contributions
BC collected, analysed and interpreted the data in this study. JH was a major
contributor in writing the manuscript. Both authors read and approved the
final manuscript.
Authors’ information
JH was the sole orthopaedic surgeon who performed total knee
replacement surgery on the patients included in this study.
Ethics approval and consent to participate
All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. For this type of study, formal
consent is not required. Ethical approval was granted from the SIVUH
hospital ethics committee as well the Clinical Research Ethics Committee
(CREC), Cork.
Consent for publication
Not applicable
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Cork University Hospital Group, Wilton, Cork, Ireland. 2MRCSI FRCSI (Trauma
and Orthopaedics) Consultant Orthopaedic Surgeon, Cork University Hospital
Group, Cork, Ireland.
Received: 19 June 2017 Accepted: 7 March 2018
References
1. Iorio R, Robb WL, Healy DJ, Berry DJ, Hozack RF, Lewellen DG, Trousdale RT,
Jiranek WA, Stamos VP, Parsley BS. Orthopaedic surgeon workforce and
volume assessment for total hip and knee replacement in the United States:
preparing for an epidemic. J Bone Joint Surg Am. 2008;90-A:1598–605.
2. von Schewelov T, Besjakov J, Sanzén L, Carlsson A. A clinical and
radiostereometric study of the cemented PFC-sigma prosthesis: a 5-year
study of 29 cases with a fixed bearing. J Knee Surg. 2009;22(3):231–6.
3. Ranawat CS, et al. Clinical and radiographic results of Attune and PFC sigma
knee designs at 2-year follow-up: a prospective matched-pair analysis. J
Arthroplast. 32(2):431–6.
4. Greco NJ, Anderson AF, Mann BJ, Cole BJ, Farr J, Nissen CW, et al.
Responsiveness of the international knee documentation committee
subjective knee form in comparison to the western Ontario and McMaster
universities osteoarthritis index, modified Cincinnati knee rating system, and
short form 36 in patients with focal articular cartilage defects. Am J Sports
Med. 2010;38(5):891–902. PubMed PMID: 20044494. Epub 2010/01/02. Eng
5. Clement ND, MacDonald D, Simpson AH. The minimal clinically important
difference in the Oxford knee score and short form 12 score after total knee
arthroplasty. Knee surgery, sports traumatology, arthroscopy: official journal
of the ESSKA. 2014;22(8):1933–9. PubMed PMID: 24253376.
Epub 2013/11/21. eng
6. Indelli PF, et al. Posterior-stabilized total knee arthroplasty: a matched pair
analysis of a classic and its evolutional design. Arthroplasty Today.
2(Issue 4):193–8.
7. F.C. Ewald the knee society total knee arthroplasty roentgenographic
evaluation and scoring system. Clin Orthop Relat Res. 1989;248:9.
8. Indelli PF, Marcucci M, Pipino G, et al. The effects of femoral component
design on the patello-femoral joint in a PS total knee arthroplasty. Arch
Orthop Trauma Surg. 2014;134(1):59.
9. Insall JN, Dorr LD, Scott RD, et al. Rationale of the knee society clinical rating
system. Clin Orthop Relat Res. 1989;248:13.
10. Keenan AC, Wood AM, Arthur CA, et al. Ten-year survival of cemented total
knee replacement in patients aged less than 55 years. J Bone Joint Surg Br.
2012;94(7):928.
11. Kulkarni SK, Freeman MA, Poal-Manresa JC, et al. The patellofemoral joint in
total knee arthroplasty: is the design of the trochlea the critical factor? J
Arthroplast. 2000;15(4):424.
12. Mancuso CA, Ranawat AS, Meftah M, et al. Properties of the patient
administered questionnaires: new scales measuring physical and
psychological symptoms of hip and knee disorders. J Arthroplast.
2012;27(4):575.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Carey and Harty Journal of Orthopaedic Surgery and Research  (2018) 13:54 Page 4 of 4
